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PREFACE 


This  report  is  published  to  provide  coastal  engineers  recent  field  expe¬ 
rience  with  the  design  and  construction  of  floating  breakwaters  on  the  west 
coast  of  the  United  States.  A  similar  report  will  be  published  on  field  expe¬ 
rience  with  floating  breakwaters  on  the  east  coast;  both  reports  should  pro¬ 
vide  practical  guidance  for  coastal  engineers.  The  work  was  carried  out  under 
the  U.S.  Army  Coastal  Engineering  Research  Center's  (CERC)  Design  of  Floating 
Breakwaters  work  unit,  Coastal  Structure  Evaluation  and  Design  Program,  Coast¬ 
al  Engineering  Area  of  Civil  Works  Research  and  Development. 

The  report  was  prepared  by  Professor  Eugene  P.  Richey,  Department  of  Civil 
Engineering,  University  of  Washington,  Seattle,  Washington,  under  contract 
with  Che  U.S.  Army  Engineer  District,  Seattle.  J  W.  Heavner,  Graduate  Stu¬ 
dent,  Department  of  Civil  Engineering,  University  of  Washington,  assisted  with 
field  surveys  and  data  collection. 

W.N.  Seelig  was  the  CERC  monitor  for  this  effort,  under  the  general  super¬ 
vision  of  Dr.  R.M.  Sorensen,  Chief,  Coastal  Processes  and  Structures  Branch, 
and  Hr.  K.P.  Savage,  Chief,  Research  Division. 

Technical  Director  of  CERC  was  Dr.  Robert  W.  Whalin,  P.E.,  upon  publica¬ 
tion  of  the  report. 

Comments  on  this  publication  are  invited. 


Approved  for  publication  in  accordance  with  Public  Law  166,  79th  Congress, 
approved  31  July  1945,  as  supplemented  by  Public  Law  172,  68th  Congress, 
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CONVERSION  FACTORS,  U,S.  CUSTOMARY  TO  METRIC  (SI)  UNITS  OF  MEASUREMENT 


U.S.  customary  units 
metric  (SI)  units  as 

of  measurement 
follows: 

used  in 

this  report  can  be  converted  to 

Multiply 

by 

To  obtain 

Inches 

25. A 

millimeters 

2.54 

centimeters 

square  Inches 

6.452 

square  centimeters 

cubic  inches 

lo.39 

cubic  centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

square  feet 

0.0929 

square  meters 

cubic  feet 

0.0283 

cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.836 

square  meters 

cubic  yards 

0.7646 

cubic  meters 

miles 

1.6093 

kilometers 

square  miles 

259.0 

hectares 

knots 

1.852 

kilometers  per  hour 

acres 

0.4047 

hectares 

foot-pounds 

1.3558 

newton  meters 

millibars 

1-0197  x 

10-3 

kilograms  per  square  centimeter 

ounces 

28.35 

grams 

pounds 

453.6 

grams 

0.4536 

kilograms 

ton,  long 

1.0160 

metric  tons 

ton,  short 

0.9072 

metric  tons 

degrees  (angle) 

0.01745 

radians 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins1 

*To  obtain  Celsius  (C)  temperature  readings  from  Fahrenheit  (F)  readings, 
use  formula:  C  »  (5/9)  (F  -32). 

To  obtain  Kelvin  (K)  readings,  use  formula:  K  *  (5/9)  (F  -32)  +  273.15. 
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FLOATING  BREAKWATER  FIELD  EXPERIENCE,  WEST  COAST 


by 

Eugene  P.  Richey 
1.  INTRODUCTION 

The  increased  demand  by  the  boating  public  and  industry  for  more  moorage 
facilities  challenges  the  planners  and  designers  of  small-craft  harbors  to 
explore  all  alternatives  in  developing  harbors  that  have  adequate  protection 
from  wind  waves  and  boat  wakes.  Most  of  the  natural  harbors  developed  near 
population  centers,  where  boating  demands  are  greatest,  are  overcrowded. 
Floating  breakwaters  have  become  an  alternative  with  an  active  potential  in 
future  harbor-marina  design.  The  floating  breakwater  lias  been  adopted  at  a 
number  of  sites  where  water  depth  or  other  constraints  render  a  fixed  struc¬ 
ture  too  costly,  and  is  proposed  for  countless  others.  Although  there  are 
other  uses  for  floating  breakwaters,  such  as  in  waterfront  construction  and 
operation,  log  rafting  in  the  timber  harvesting  industry,  beach  erosion  con¬ 
trol,  etc.,  the  most  prominent  applications  relate  to  the  small-craft  harbor 
or  marina. 

On  location,  the  floating  breakwater  is  subject  to  random  wave  loadings 
which  can  induce  motions  with  components  in  all  directions.  The  intended  job 
of  the  breakwater  is  to  reduce  the  incident  wave  system  to  an  acceptable 
level.  The  transmission  characteristics  of  this  reduction  capability  are 
very  sensitive  to  the  period  (or  length)  of  the  incident  wave  field.  Numerous 
reports  on  model  tests  of  transmission  characteristics  are  available,  but 
reports  on  actual  field  experiences  with  floating  breakwaters  are  few. 
Although  several  floating  breakwaters  have  been  in  use  for  as  long  as 
8  years,  there  has  bean  little  Information  exchanged  as  to  the  type  of  break¬ 
water,  the  anchorages,  and  the  connections  between  units.  These  are  con¬ 
sidered  major  points  of  Interest  in  improving  the  design  of  floating  break¬ 
waters. 

To  cover  these  points,  the  following  questions  were  established  as  a 
checklist  for  evaluating  field  experience  with  construction  and  subsequent 
performance  of  floating  breakwaters: 

(1)  What  were  the  site  conditions  and  why  ua»  the  floating 
breakwater  chosen? 

(2)  How  was  it  deployed? 

(3)  Uere  there  any  unusual  installation  problems? 

(4)  What  anchoring  and  connector  systems  were  used? 

(5)  Have  there  been  any  fouling,  corrosion,  or  fatiguing  prob¬ 
lems1 2 3 4 5 6 7 

(6)  What  maintenance  has  been  carried  out? 

(7)  Have  any  environmental  problems  (shoreline  changes,  icing, 
stability)  been  encountered? 
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(8)  Does  Che  structure  serve  functions  other  than  wave  attenua¬ 
tion? 

(9)  What  changes  in  any  step  from  design  to  operation  would  be 
done  differently  now? 

(10)  Has  the  structure  served  its  Intended  purpose? 

This  report  provides  an  evaluation  of  11  floating  breakwater  Installations 
located  in  the  Pacific  Northwest — the  thrust  of  the  evaluation  being  the  ques¬ 
tions  listed  above*  The  results  of  each  site  evaluation  are  ./resented,  and 
a  list  of  conclusions  summarizes  the  overall  field  performance  of  floating 
breakwaters. 


II.  FLOATING  BREAKWATER  SITES 


1.  Ketchikan,  Alaska. 


a.  Location.  The  Bar  Point  Harbor  breakwater  is  located  on  the  north 
side  of  Tongass  Narrows,  a  fjordlike  waterway,  at  Ketchikan,  Alaska  (Figs.  1 
and  2) .  There  are  390  moorage  spaces  planned  for  both  pleasure  and  fishing 
craft.  Most  of  the  boating  activity  occurs  in  the  period  15  June  to  1  Novem¬ 
ber,  which  spans  the  seasons  for  tourism,  pleasure  craft,  and  fishing. 

b.  Site  Conditions.  The  fetch  toward  the  southeast  is  about  8  miles, 
about  a  half-mile*  across  the  waterway  and  practically  unlimited  toward  the 
northwest.  Structures  along  the  shoreline  shield  the  breakwater  along  the 
southeast-northwest  line.  The  wind  waves  travel  nearly  parallel  to  the  break¬ 
water,  and  sustained  windspeeds  of  45  to  50  miles  per  hour  with  gusts  to  70 
miles  per  hour  are  to  be  expected  most  winters. 

Tide  data  are  as  follows: 


Highest  (estimated) : 

19.5 

feet 

Mean  higher  high  water  (MUHU): 

15.4 

feet 

Mean: 

8.0 

feet 

Mean  lower  low  water  (MLLU): 

0.0 

foot 

Lowest  (estimated) : 

-5.0 

feet 

Tidal  currents  are  frea  south  to  north  on  both  flood  and  ebb,  with  maximum 
about  6  knots  according  to  harbormaster;  National  Oceanic  and  Atmospheric 
Administration  (NOAA)  tidal  current  data  report  only  1.2  knots.  Bottom  ele¬ 
vations  are  as  follows: 

Along  inner  row  of  anchors  -20  to  -60  feet 

Along  breakwater:  -50  to  -70  feet 

Along  outer  row  of  anchors:  -100  to  -110  feet 
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b.  Mato  floating  breakwater,  south  to  aortb  view. 
Figure  -•  Fbotos  of  floating  breakwater,  Ketehikaa,  Alaska. 
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No  recordings  of  wave  conditions  have  been  nude.  Boat  wake  loadings  are 
frequent,  because  boat  traffic  is  heavy,  with  vessels  ranging  in  size  from 
snail  pleasure  craft  to  the  fishing  fleet  size,  including  heavy  trawlers, 
purse  seiners,  oceangoing  cruise  ships,  ferries,  and  freighters* 

c .  Breakwater  Description, 

(1)  Design.  Hie  structure  is  of  the  Alaska-cataan ■ an  or  ladder  type, 
23  feet  wide  and  6  feet  deep,  nade  of  post  tens  toned,  foam-filled  modules  of 
lightweight  reinforced  concrete  (Fig.  3).  the  main  breakwater  is  963  feet 
long,  parallel  to  tile  shore  (and  Tongass  Narrows).  A  separate  120-foot  sec¬ 
tion  was  positioned  off  the  end  of  a  rock  breakwater  forming  Bar  Harbor  No.  2 
to  attenuate  waves  from  the  south,  the  layout  is  shown  In  Fi^are  4.  A  163- 
foot  section  planned  at  the  northern  end  was  omitted  to  avoid  inflict  with  a 
loading  pier.  Anchor  chains  at  60-foot  Intervals  connect  th-.  breakwater  to 
concrete  anchor  blocks  weighing  18  tons  on  the  inside  and  60  *  ns  on  the  out¬ 
side;  100-ton  anchors  hold  the  120-foot  section. 

(2)  Installation.  Installation  began  in  October  1979.  Storm  damage 
occurred  during  construction  to  unassembled  units  mooed  at  the  site,  the 
cost  (1980)  of  the  breakwater  was  $1,400  per  foot,  Those  responsible  for  the 
breakwater  design,  construction,  and  operation  are  a«>  follows: 


Owner-Operator:  City  and  Borough  of  Ketchikan,  Alaska 


Designers : 


Builder: 


Installers; 


U.S.  Army  Engineer  District,  Alaska 
Anchorage,  Alaska 

Tryck,  Nyman  and  Hayes 
Anchorage,  Alaska 

Concrete  Technology 
Tacoma,  Washington 

Dawson  Construction 
Bellingham,  Washington 

Smart  Crane  Company 
Ketchikan,  Alaska 


The  following  comments  on  installation  were  abstracted  from  an  interview 
with  one  of  the  installers  of  Smart  Crane  Company  (i.  Smart): 

The  major  difficulty  experienced  was  stringing,  flushing,  greas¬ 
ing,  and  sealing  the  posttension  cables  in  the  stress-strand  ducts. 

Holes  between  adjacent  axxlule*  rarely  Ured  up.  the  general  assembly 
technique  was  a  difficult  procedure  to  carry  out  in  field  condi¬ 
tions.  Larger  diameter*  lower  stressed  galvanised  rods  would  hav** 
been  easier  to  use,  the  l-ineh  cable  with  threaded  studs  used  to 
join  240-foot  sections  was  difficult  to  tighten,  since  the  eabie 
rotated  as  the  nuts  were  turned.  Towing  of  the  240-foot  sections  was 
very  difficult  except  at  a  very  low  speed.  A  skiff  was  almost  as 
effective  as  a  tug.  the  accurate  placement  of  the  outer  row  of 
anchors  on  a  stable  site  was  difficult  because  of  the  anchor  weights. 
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bottom  slope  and  bottom  conditions;  6-  to  8-ton  steel  anchors  would  have 
been  much  better.  Special  receptacles  for  navigation  lights  should  be 
designed  into  the  breakwater  units. 

The  following  comments  on  the  design  and  Installation  of  the  floating 
breakwater  were  provided  by  the  U.S.  Army  Engineer  District,  Alaska: 


Use  epoxy  coatings  over  steel  reinforcement  to  reduce  corro¬ 
sion.  Provide  positive  locking  devices  at  the  ends  of  connecting 
cables.  Obtain  sufficient  bottom  data  to  allow  workable  anchorage 
designs.  Some  problems  with  anchor  placement  were  experienced  owing 
to  a  lack  of  good  topography  and  knowledge  of  what  materials  the 
anchors  would  be  set  on.  Consideration  should  be  given  to  providing 
a  method  of  regreasing  tendons  and  cables.  This  design  was  made  with 
the  premise  that  vessels  would  not  be  allowed  to  tie  up  to  the  break¬ 
water,  The  design  must  provide  heavy  wales  and  recessed  bolts  to 
allow  for  protection  of  the  breakwater  from  vessels  that  tie  up  tem¬ 
porarily.  Provide  for  connections  on  end  units  for  possible  future 
changes  In  configuration.  These  can  be  temporarily  sealed  with 
knockouts.  Adequate  lighting  should  be  provided  for  foul  weather 
visibility  of  the  breakwater  to  supplement  U.S.  Coast  Guard  furnished 
lights.  Radar  visibility  should  also  be  provided.  Better  quality 
control  should  be  achieved  to  eliminate  careless  slopping  of  grease 
on  concrete  surfaces  adjacent  to  the  prestressed  cable  anchors.  Pre¬ 
paration  of  construction  specifications  should  consider  the  require¬ 
ment  for  a  specific  assembly  method,  such  as  on  a  slnkable  barge,  or 
in  the  water,  or  in  a  dredged  area  which  can  be  flooded.  Materials 
and  procedures  used  should  be  compatible  with  the  assembly  method. 
Construction  problems  were  experienced  during  the  process  of  capping 
the  prestress  cable  heads  in  the  water.  Further  consideration  might 
be  given  to  a  cofferdam  design  which  would  allow  this  to  be  accom¬ 
plished  in  the  dry.  Consideration  should  be  given  to  monitoring 
anchor  chains  to  determine  actual  mooring  forces  to  compare  with 
design  forces. 


(3)  Performance.  Hie  boat  slips  had  not  been  Installed  as  of  Sep¬ 
tember  1980,  so  there  are  no  data  on  breakwater  effectiveness.  The  harbormas¬ 
ter  expressed  the  opinion  that  the  breakwater  dees  pet  form  as  expected.  Pre¬ 
vailing  wind  waves  attacking  the  breakwater  are  at  a  high  incident  angle,  and 
the  alinement  seems  good,  with  lower  transmission  than  for  normally  incident 
waves. 

The  installer  (B.  Staart)  was  on  a  barge  tied  to  the  breakwater  during  a 
storm  with  gusts  up  to  70  knots.  He  reported  wave  periods  of  3.5  to  4  seconds 
and  wave  heights  to  4  feet,  based  on  the  height  of  the  barge  rail  above  mean 
water  level:  .  .  the  breakwater  really  knocked  the  waves  down."  Three 

wavelengths  were  observed  in  the  100-foot  barge  length,  which  would  correspond 
to  about  a  2.7-second  period,  rattier  than  the  3  to  4  seconds  reported. 

Logs  up  to  2  feet  in  diameter  have  worked  their  way  into  the  interior 
spaces  of  the  breakwater,  but  have  conveniently  worked  their  way  out.  There 
has  been  rapid  marine  growth  on  the  submerged  surfaces. 
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Although  Coast  Guard  regulations  require  lights  only  at  the  ends  of  the 
breakwater,  intermediate  lights  and  radar  targets  would  be  helpful  to  naviga¬ 
tors  because  the  breakwater  profile  ia  low,  long,  and  difficult  to  see  in  the 
dark,  stormy  weather  that  is  so  frequent  at  the  site.  The  breakwater  has  only 
a  12-inch  freeboard,  instead  of  the  18  inches  called  for  in  the  design.  A 
fabrication  error  is  believed  to  have  caused  the  overdraft. 

Wakes  from  vessels  moving  down  Tongass  Narrows  from  north  to  south  move 
directly  through  the  opening  between  the  end  of  the  rock  breakwater  forming 
Bar  Harbor  No.  2  and  the  southern  end  of  the  floating  breakwater,  causing 
motion  of  the  slips  and  boats  in  Bar  Harbor.  The  breakwater  reduces  the  reg¬ 
ular  boat  wake  quite  well,  but  the  potential  exists  for  the  large  fishing  ves¬ 
sel,  tug,  or  freighter  to  set  a  wake  that  will  be  very  evident  behind  the 
breakwater. 

d.  Discussion.  The  water  depths  at  the  site  indicate  the  floating  break¬ 
water  is  the  logical  type  to  meet  the  local  need  for  additional  moorage 
space.  In  the  design  of  future  breakwaters  of  this  type,  attention  should  be 
given  to  the  difficulties  encountered  in  the  field  in  carrying  out  the  post¬ 
tensioning  operation,  the  connection  of  modules,  and  the  placement  of  the 
heavy  anchors.  The  omission  of  the  breakwater  section  at  the  north  end  of  the 
harbor  (Fig.  5)  means  that  some  of  the  mooring  area  will  receive  undamped  wave 
energy.  Possibly,  the  placement  of  slips  in  this  section  should  be  delayed 
until  alternative  protection  is  provided. 

South-traveling  wind  waves  and  boat  wake  readily  pass  into  Bar  Harbor 
No.  2  between  the  south  end  of  the  floating  breakwater  and  the  north  end  of 
the  rock  breakwater.  Some  corrective  alternatives  are  as  follows: 

(a)  Add  a  stub  section  about  normal  to  the  south  end  of  the  pres¬ 
ent  floating  breakwater.  Alinement  would  have  to  give  due  regard  to 
waves  from  the  south  being  reflected  in  adverse  directions. 

(h)  Reinstall  the  log  breakwater  (or  similar)  that  previously 
shielded  Bar  Harbor  No.  2. 

(c)  Adjust  the  anchor  system  of  the  main  breakwater  to  allow  it 
to  be  rotated  about  5*,  and  add  an  extension  to  narrow  the  harbor 
entrance  from  its  present  400-foot  width. 

A  pragmatic  view  is  to  adapt  the  floating  breakwater  to  accommodate  tran¬ 
sient  moorings.  As  it  Is  now,  transient  boaters  remove  covers  from  the  anchor 
chain  wells,  fasten  lines  to  hawse  pipe  or  chains,  then  leave  without  replac¬ 
ing  the  covers.  Tiedown  cleats,  thicker  waiers,  camels,  or  other  tendering 
systems  would  be  required,  along  with  a  walkway  to  make  a  connection  with  the 
main  floats.  Hur.  connection  could  oe  removed  during  the  off-season. 

2.  Sitka,  Alaska. 

a.  tocatlca.  Thomsen  Harbor  is  on  the  east  side  of  the  waterway  between 
Japonski  Island  and  Baranof  Island,  where  Sitka  .s  located  (Figs,  6  and  7). 
The  waterway  is  about  1,100  feet  wide  and  40  feet  deep.  The  breakwater  is 
used  for  transient  moorage  and  has  a  f tsh-c leaning  facility  (see  Fig.  8)  for 
the  convenience  of  cite  harbor  users. 


IS 


tforth  end  of  harbor 


b*  South  end  of  harbor* 

Figure  S.  Photos  of  gaps  at  both  north  and 

south  of  harbor.  Ketchikan,  Alaska. 
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b.  Fish-cleaning  facility. 


Figure  8.  Photos  of  facilities  at  Thomsen  harbor, 
Sitka,  Alaska. 
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b.  Site  Conditions.  The  principal  wave  window  lies  in  a  45°  sector  cen¬ 
tered  about  the  northwesterly  direction,  and  has  a  fetch  cluttered  by  small 
islands  out  to  about  3.5  nautical  miles,  then  opens  into  Sitka  Sound.  The  site 
is  effectively  shielded  from  other  directions.  The  winter  low-prescure  sys¬ 
tems  off  the  Alaskan  coast  generate  high  winds.  Local  lore  reports  that 
speeds  of  60  knots  are  common.  However,  the  annual  summary  of  winds  at  Japon- 
ski  Airport  (see  Table)  indicates  that  40-knot  winds  are  rare  (Amerraan, 
1980)1  .  The  many  islands  in  the  path  of  the  winds  must  create  highly  non- 
uniform  wind  fields. 


Table.  Winds  at  Japonski  Airport,  Sitka,  Alaska  (Amerman,  1980)2 
_ Windspeed  (kn) _ 


Direction 

0-3 

4-10 

11-21 

22-27 

28-40 

40+ 

Pet . 

Avg. 

N. 

1.6 

0.5 

0.1 

0.0 

0.0 

0.0 

2.1 

3.0 

NNE. 

0.2 

0.1 

0.0 

0.0 

0.0 

0.0 

0.2 

4.1 

NE. 

1.7 

1.7 

0.4 

0.0 

0.0 

0.0 

3.8 

5.3 

ENE. 

0.3 

0.6 

0.3 

0.0 

0.0 

0.0 

1.3 

6.6 

E. 

3.4 

6.3 

1.6 

0.1 

0.0 

0.0 

11.3 

6.5 

ESE. 

1.0 

4.7 

4.0 

0.3 

0.1 

0.0 

10.1 

10.7 

SE. 

3.7 

10.0 

4.1 

0.2 

0.1 

0.0 

18.1 

7.9 

SSE. 

0.3 

0.9 

0.3 

0.1 

0.0 

10.1 

8.1 

S. 

3.3 

4.7 

1.4 

0.1 

0.0 

9.5 

6.4 

SSW. 

0.5 

1.6 

0.3 

0.0 

0.0 

2.5 

6.6 

SW 

2.2 

4 .6 

0.6 

0.0 

7.3 

5.6 

WSW. 

0.2 

0.7 

0.1 

0.0 

0.0 

0.0 

1.0 

5.4 

W. 

2.1 

2.1 

0,1 

0.0 

0.0 

0.0 

4.3 

4.2 

WNW. 

0.6 

1.6 

0.4 

0.0 

0.0 

0.0 

2.6 

6.8 

NW. 

3.1 

5.5 

1.2 

0.0 

9.9 

6.0 

NNW. 

0.3 

0.4 

0.1 

0.0 

0.0 

0.0 

0.8 

6.0 

Calm 

13.4 

Total 

24.5 

46.2 

14.8 

6.8 

0.2 

0.0 

86.6 

6.0 

The  harbor  serves  a  fishing  fleet  and  pleasure  craft  with  moorage  fees  at 
$6  per  foot  per  year,  with  a  2-year  waiting  list.  The  mix  of  boats  is  shift¬ 
ing  toward  larger  sizes. 

Tide  data  are  as  follows: 


High: 

Diurnal  range: 
Mean  range: 
Low: 


12.0  feet  MLLW 
9.4  feet 
7.7  feet 
5.0  feet  MLLW 


^AMERMAN,  R.,  "Sitka  Steal!  Boat  Harbor  Site  Study,"  State  of  Alaska,  Depart¬ 
ment  of  Transportation  and  Public  Facilities,  Division  of  Harbor  Design  and 
Construction,  Apr.  1980. 

2AMERHAN,  R.,  op.  cit. 
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Tidal  currents  are  1  knot  maximum  on  both  flood  and  ebb.  Bottom  elevations 
are  -35  feet  MLLW  under  the  long  leg  of  the  breakwater  and  -6  feet  MLLW  at  the 
shoreward  end  of  the  short  leg. 

Waves  estimated  at  4  feet  In  height  have  been  reported  coming  In  from  the 
northwest.  These  strike  the  breakwater  at  an  appreciable  angle  and  are  atten¬ 
uated  quite  effectively.  Ocean  swell  penetrates  the  offshore  islands  and 
passes  through  the  breakwater.  Boat  wake  is  a  common  loading  from  the  pleas¬ 
ure  craft,  fishing  vessels,  and  the  occasional  tug  which  ply  the  channel. 

c.  Breakwater  Description. 

(1)  Design.  The  structure  was  the  second  one  built  of  the  Alaska- 
catamaran  or  ladder  type,  and  consists  of  3-  by  5-  by  18-foot  reinforced, 
lightweight  concrete  pontoons  cast  over  solid  polystyrene  foam  blocks.  Three 
pontoons  were  posttensloned  on  site  to  form  60-foot  modules,  which  were  then 
linked  with  a  chain-rubber  back  fender  connector  as  illustrated  in  Figure  9. 
The  main  leg  of  the  breakwater  is  685  feet  long;  the  shorter  one  is  275  feet 
long,  with  a  3.5-foot  draft. 

Anchoring  was  accomplished  with  1-1/4-  and  1-3/8-inch  galvanized  stud-link 
chain  at  each  module  fastened  to  stake  piles.  Where  the  stake  piles  could  not 
be  driven  to  adequate  penetration,  as  determined  by  jetting  tests  before 
installation,  concrete  blocks  were  added  to  increase  lateral  resistance;  29- 
ton  units  were  used  on  the  windward  leg  of  the  north-facing  (short)  leg  of  the 
breakwater,  and  12-ton  units  were  used  on  the  west-facing  (long)  leg.  A  space 
of  about  6  feet  is  maintained  between  the  two  breakwaters  at  the  junction  of 
the  "L"  base.  This  design  feature  was  used  to  avoid  stress  problems  likely 
with  a  positive  connection. 

(2)  Installation.  The  breakwater  was  installed  in  1973  at  a  cost  of 
$480  per  foot.  Those”re sponsible  for  the  breakwater  design,  •-  ,i.  >  ,  ion,  and 
operation  are  as  follows: 


Owner-Operator:  Owned  by  State  of  Alaska,  but  operated 

by  City  of  Sitka 


Designer:  State  of  Alaska,  Juneau 

Division  of  Harbor  Design  and 
Construction 


Design  Engiuee:  D.S.  Miller 

Fabricator:.  Bellingham  Marine  Industries 

Bellingham,  Washington 


Installation:  Units  were  fabricated  in  Bellingham  and 

barged  to  the  site.  Basic  dimensions 
of  the  breakwater  were  chosen  to  facil¬ 
itate  shipping  and  onsite  erection  with 
equipment  readily  available  in  the 
area.  T.O.  Paddock  Company,  Juneau, 
was  the  erection  contractor. 
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(3)  Performance .  The  users  are  satisfied  with  protection  afforded 
by  the  breakwater.  Mooring  lines  and  dispositions  are  adapted  to  accept  the 
swell  and  boat  wake  that  enter  the  harbor. 

No  underwater  components  of  the  breakwater  have  been  checked.  The  only 
maintenance  problem  has  been  repairing  and  replacing  worn  chain  links  con¬ 
necting  the  modules;  several  rubber  bumpers ,  part  of  the  connecting  systems 
between  modules,  have  disappeared  (Fig.  9).  There  is  some  correlation  between 
missing  bumpers  and  worn  chain  links.  Although  the  breakwater  is  not  consid¬ 
ered  the  responslbllty  of  the  harbormaster,  he  has  been  welding  worn  connect¬ 
ing  links  and  checking  for  other  stress  points. 

Lightweight  concrete  was  used  in  forming  the  breakwater  modules.  There 
are  several  spall  areas  that  have  been  attributed  to  banging  of  corners,  etc., 
during  transport  and  construction.  Some  of  these  were  successfully  patched 
with  epoxy  shortly  after  construction.  Some  of  the  reinforcement  is  exposed 
and  rusty,  but  spalling  is  slow,  if  at  all. 

Because  of  the  shortage  of  mooring  spaces,  large  trawlers  tie  up  to  both 
sides  of  the  breakwater,  and  may  be  the  cause  of  the  nonlinear  breakwater 
alinement  observed.  The  mass  per  foot  of  the  trawlers  may  exceed  that  of  the 
breakwater.  A  differential  draft  has  developed  on  some  sections,  with  14 
Inches  of  freeboard  on  one  side  of  a  pontoon  and  only  12  inches  on  the  other 
side.  No  explanation  is  offered.  Marine  growth  at  Sitka  is  not  as  active  as 
at  Ketchikan. 

d.  Discussion.  The  breakwater  has  performed  satisfactorily  during  its 
7-year  life.  Although  the  swell  transmitted  into  the  harbor  has  been  a  nui¬ 
sance,  the  users  have  adapted.  Maintenance  problems  have  been  minor,  mostly 
involving  replacing  worn  chain  links.  Underwater  components  should  be  inspec¬ 
ted.  The  present  3-llnk  chain-rubber  bumper  module  connections  should  be 
replaced  with  a  newer,  improved  design  such  as  that  employed  in  the  revisions 
at  the  Tenakee  Springs  breakwater,  discussed  in  the  following  section.  Tran¬ 
sient  boats  usually  tie  up  at  a  floating  breakwater,  whether  or  not  such  use 
is  authorized.  Designs  should  recognize  this  pattern  or  operations  personnel 
should  be  given  time  and  authority  to  restrict  tie-ups. 

3.  Tenakee  Springs,  Alaska. 

a.  location.  Tenakee  Springs,  Alaska  (Fig.  10) ,  is  a  small  village  about 
60  miles  southwest  of  Juneau,  Alaska,  with  about  80  permanent  residents  who 
are  Income-dependent  upon  fishing,  crabbing  (cannery  recently  elosed) ,  log¬ 
ging,  retirement  Incowee,  and  limited  tourism. 

b.  Site  Oanditions.  A  small  natural  harbor  is  unprotected  from  the 
west  with”#  fetch  of'  about  5  miles  out  of  Crab  bay  around  to  the  southeast 
where  the  fetch  is  about  3  miles  from  Corner  bay.  Storms  from  these  direc¬ 
tions  are  common  winter  occurrences.  There  are  no  wind  records  for  the  site, 
hut  according  to  local  residents,  speeds  ranging  from  60  to  70  miles  per  hour 
have  occurred. 

Tide  data  include  a  maximum  range  from  -i  to  +20  feet  Tidal  cur¬ 

rents  are  less  than  1  knot  at  the  breakwater  site,  bottom  elevations  are  aa 
follow#: 
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Figure  10.  feaakee  %ring»,  Alaska  (fro*  SOS  chart  i?520). 


Along  Inner  row  of  anchor*:  -IS  feet  MLLW 
Along  breakwater:  -JO  feet 

Along  outer  row  of  anchors:  -45  to  -55  feet 

A  save  monitoring  program  was  in  operation  during  the  winter  season  of 
1973-74.  However,  maximum  winds peeds  recorded  were  only  about  30  knots,  which 
is  not  representative  of  the  usual  winter  season  when,  according  to  local  res¬ 
idents,  waves  4  feet  aud  higher  occur.  Boat  wake  is  not  a  problem. 

The  harbor  is  without  power  or  other  amenities.  There  is  no  harbormaster 
nor  designated  official  on  the  site.  The  operation  is  best  described  as  "Alas¬ 
kan  informal."  Long-time  local  residents  are  a  good  source  of  information  on 
the  harbor. 

c •  Breakwater  Description. 

(1)  Design.  This  structure  was  the  first,  of  the  Alaska-catamaran  or 
ladder  type,  consisting  of  3-  by  5-  by  15-foot  reinforced,  lightweight  con¬ 
crete  pontoons  with  solid  polystyrene  foam  core.  Units  of  15  feet  were  post- 
tens  loned  with  1-1/ 2-inch  galvanised  bars  to  form  the  ladder  module,  5  feet 
deep,  21  feet  wide,  and  60  feet  long,  with  a  draft  of  about  3.5  feet.  Five 
modules  were  coupled  with  chain  links  and  compression  bumpers  to  form  a  shal¬ 
low  V-shaped  breakwater  308  feet  long,  as  shown  in  Figure  11.  The  V-jolnt  was 
a  weak  link  in  the  system,  and  was  removed  in  1977.  The  allnement  was  then 
straightened  (see  Fig.  12, a)  with  module  connectors  of  a  modified  design  shown 
In  Figure  13,  and  an  additional  60-foot  section  of  breakwater  added  to  help 
close  off  a  wave  window  from  the  southeast. 

Anchor  chains  of  1-3/8-inch  stud  links  at  each  of  the  five  60-foot  modules 
are  attached  on  the  harborside  to  26-ton  concrete  anchors  and  to  two  26-ton 
anchors  on  the  seaward  side.  A  shallow  soil  layer  over  rock  ruled  out  the  use 
of  stake  piles  at  the  site* 

(2)  Installation.  The  breakwater  was  installed  in  the  fall  of  1972 
at  a  cost  of  (1425  per  Toot.  It  had  been  designed  for  field  assembly  where 
facilities  and  equipment  siaua  were  limited.  The  pontoons  and  other  components 
were  barged  to  the  site. 

Assembly  problems  were  caused  primarily  by  nonsquare  faces  on  surfaces 
that  were  to  be  matched.  Some  spalling  of  concrete  occurred  dating  the  devel¬ 
opment  of  the  specified  pos'. tensioned  forces  and  was  attributed  to  improper 
location  of  reinforcing  ste«l  during  fabrication,  Dii&eneiena  for  ene  connec¬ 
ting  modules  must  be  accurate  to  avoid  assembly  delays.  Those  responsible  for 
the  breakwater  design,  construction,  and  operation  are  as  follows: 

be signer -Owner -Oper at er:  State  of  Alaska 

Division  of  Ports  and  Harbors 
Division  of  Harbor  Design  and 
Construction 
juneau 

Design  engineer:  O.S.  Killer 
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Figure  11.  Floating  breakwater  layout,  Tenakee  Springs,  Alaska. 


Figure  12.  Photos  of  floating  breakwater,  Tenakee 
Springs,  Alaska. 
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Figure  13.  Replacement  module  connector  £o*  floating 
breakwater,  Tenakee  Springs,  Alaska. 


Builder;  Bellingham  Marine  Industries 

Bellingham,  Washington 

Installer:  Martinsen  Builders 

Petersburg,  Alaska 

(3)  Performance.  The  users  are  satisfied  with  the  protection 
afforded  by  the  breakwater.  Prior  to  its  installation,  winter  moorage  was 
risky  and  the  boats  often  had  to  be  moved  to  more  sheltered  waters  during 
storms.  The  outer  chain  on  the  base  of  the  V-section  in  the  initial 
breakwater  layout  broke  during  a  storm  (1).  Miller,  personal  communication). 
This  connection  has  been  eliminated  by  the  new  alinement  and  new  connectors 
have  been  installed  (see  Fig.  12, b) . 

Some  wire  and  rod  reinforcement  is  exposed  and  rusted  where  the  concrete 
has  spalled  off,  as  illustrated  in  Figure  14,  but  no  progressive  deterioration 
is  apparent.  The  spalling  seems  to  have  been  the  result  of  construction  hand¬ 
ling  and  installation,  rather  than  from  use-oriented  causes. 

d.  Discussion.  The  breakwater  design  is  well  matched  to  the  site  condi¬ 
tions  for  construction  as  well  as  to  exposure  and  use.  In  8  years,  the  only 
maintenance  has  been  the  straightening  of  the  dog-leg  alinement,  a  well-recog¬ 
nized  weakness  in  the  Initial  design  layout.  The  new  module  connectors  also 
promise  to  eliminate  another  weakness — the  slack  condition  that  develops  as 
the  rubber  fender  unit  loses  its  resiliency. 

4.  Auke  Bay,  Alaska. 

a.  Location.  Auke  Bay  (Fig.  15),  located  about  20  miles  north  of  Juneau, 
Alaska,  is  a  popular  moorage  for  pleasure  fishing  craft  of  area  residents  and 
transient  boats  during  the  summer  season. 

b.  Site  Condition;.  The  upper  end  of  the  bay,  the  breakwater  site,  is 
well-sheltered  except  toward  the  southeast,  where  Gaghlan  Island  limits  the 
fetch  to  about  2.5  miles,  except  for  a  very  narrow  window  of  about  6  miles. 
There  are  no  data  available  on  either  tides  or  currents.  Currents  at  the 
breakwater  are  not  likely  to  be  a  concern.  No  recordings  of  wake  conditions 
are  available. 

c.  Breakwater  Description. 


(1>  Design  and  Installation.  One  60-foot  and  two  120-foot  lengths  of 
48-inch-diameter  oil  pipe  surplussed  from  the  Alayeska  project  were  designed 
as  a  replacement  for  a  decayed  log  breakwater  shielding  a  small,  privately 
owned  marina  at  the  head  of  Auke  Bay.  The  breakwater  sections  were  fabricated 
in  Seattle  and  barged  to  Juneau  where  they  were  off-loaded,  as  shown  in  Figure 
16,  for  toeing  to  Auke  Bay.  A  wooden  walkway  on  the  pipes  provides  access  to 
24-inch  pipes,  also  with  walkways,  which  serve  as  boat  slips.  Hie  pipes  were 
ballasted  with  seawater  to  a  1-foot  freeboard. 

The  breakwater  was  installed  in  July  1980  at  a  cost  of  §400  per  foot. 
Anchor  chain  connection  holds  the  breakwater  in  place.  Those  responsible  for 
the  breakwater  design,  construction,  and  operation  are  as  follows: 
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a.  Exposed  reinforcement. 


b.  Epoxy  patch. 


figure  14.  Photos  of  deterioration  and  patching, 
tenakee  Springe.  Alaska. 
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Figure  16.  fhotos  of  floating  breakwater  sections,  Auke  3ay,  Alaska. 


Owner: 


Robert  Weems 


Designer:  David  S.  Miller 
(2)  Performance,  There  are  no  data  available. 

d.  Discussion.  The  breakwater  is  an  innovative  use  of  surplus  mate¬ 
rial,  The  pipe  and  anchor  chain,  available  at  scrap  metal  prices,  should  pro¬ 
vide  better  protection  than  the  old  log  breakwater  It  replaces.  The  design 
allowed  the  owner  to  do  the  towing  and  much  of  the  installation  which  mini¬ 
mized  costs. 

5.  Friday  Harbor,  Washington  (Port  of  Friday  Harbor) . 

a.  Location.  Port  of  Friday  Harbor,  Washington  (Fig.  17),  is  a  major 
stopping  point  for  pleasure  craft  enroute  to  Canadian  waters  as  well  as  to 
cruises  in  the  San  Juan  Islands.  It  is  also  a  stop  for  the  Washington  State 
Ferry  System,  which  serves  the  Islands,  and  is  a  connection  to  Vancouver 
Island  (Canada).  Fishing  vessels  also  use  the  harbor. 

b.  Site  Conditions.  As  shown  in  Figure  17,  there  are  two  windwave  expo¬ 
sures — to  the  southeast  with  a  fetch  of  about  1  nautical  mile  and  to  the 
northeast  with  a  fetch  of  about  2  nautical  miles.  Windspeeds  associated  with 
the  northeaster  that  affects  the  region  every  few  years  reach  the  50-knot 
range  with  gusts  to  70  miles  per  hour  and  impose  the  critical  design  condition 
for  the  breakwater  because  of  the  longer  fetch  in  that  direction.  A  set  of 
speed-duration  curves  is  shown  in  Figure  18. 

Tide  data  are  as  follows: 


Highest  (30  December  1952) : 

11.00 

feet  MLLW 

MHHW: 

7.70 

feet 

Mean: 

4.75 

feet 

MLLW: 

0.00 

foot 

Lowest  (15  January  1949): 

-3.80 

feet 

Tidal  currents  are  less  than  1  knot.  Bottom  elevations  are  as  follows: 
Along  inner  row  of  anchors:  -52  feet  MLLW 
Along  main  breakwater:  -42  feet 

Along  inner  row  of  anchors:  -30  feet 

Wave  heights  and  periods  of  2.9  feet,  2.8  seconds  from  the  northeast  and 
2.9  feet,  2.4  seconds  from  the  southeast  were  measured  by  the  U.S.  Army  Engi¬ 
neer  District,  Seattle,  during  an  observation  period  1969-71.  Similar  wave 
measurements  were  recorded  from  December  1974  to  March  1975  by  a  University  of 
Washington  project.  Uowever,  neither  of  these  monitoring  periods  was  opera¬ 
tional  when  the  critical  northeaster  occurred.  Wakes  from  boats  are  a  common 


Figure*  18.  Windspeed-duration  curves,  Friday  Harbor,  Washington. 

occurrence.  large  ferries  either  approaching  or  leaving  the  landing,  pass 
close  to  the  breakwater,  while  moving  at  a  considerable  speed. 

c.  Breakwater  Description. 

(1)  Design  and  Installation.  The  floating  breakwater  at  the  Fort 
of  Friday  Harbor  and  the  one  at  Tenakee  Springs  were  the  first  two  such  struc¬ 
tures  of  major  dimension  designed  for  the  Pacific  Northwest  and  were  installed 
at  about  the  same  time  la  October  1972.  The  Friday  Harbor  structure,  a  dif¬ 
ferent  type  than  the  Alaskan  ladder  style,  uses  four  rows  of  polyolefin  pon¬ 
toons  about  S  by  S  by  IQ  feet  in  overall  dimension,  linked  by  a  timber  matrix 
to  fora  a  24-foot-t/tde  section  drafting  about  18  inches.  4  simplified  cross 
section  is  shown  in  Figure  19.  The  breakwater  is  laid  out  in  an  l-shape  to 
face  into  the  critical  wind  wave  directions.  The  northeast-facing  leg  is  b2? 
feet  long  (see  Figs.  20  and  21);  the  southeast  leg  is  22?  feet  long. 

The  anchor  system  consists  of  18  pairs  of  anchor  lines  spaced  about  Su 
feet  apart.  The  lines  have  three  sections,  a  T2-foot  length  of  ?/S-iach 
welded  alloy  chain  attached  to  the  breakwater,  then  a  length  of  braided  nylon 
line,  with  another  length  of  chain  connecting  to  stake  piles.  The  stake  pile 
system  was  ehosen  because  of  the  deep,  soft  material  at  the  site.  The  scope 
of  the  seaward  side  is  about  1  on  ?;  the  UUward  side  is  about  l  on  2. 

The  installed  cost  of  the  floating  breakwater  was  $52a  per  f  >ot  (1972). 
Those  responsible  for  the  breakwater  design,  construction,  and  operation  are 
as  follows: 


fcnchQf  L ine 


of  Friday  Harbor  breakwater 


Figure  21.  I'hoios  at  Pars  &t  F'fttiay  Harfraif  fieactag 
breakwater. 


Owner-Operator;  Port  of  Friday  Harbor 

Friday  Harbor,  Washington 
(.lark  Fairwoathur,  harbormaster) 


Designer: 


Fabricator: 


Installer: 


Reid,  Middleton  and  Associates 
Edmonds,  Washington 

Polysintering,  tnc. 

(manufactured  pontoons) 
Monroe,  Washington 

American  Pile  Driving  Co.,  Inc. 

(assembled  breakwater) 
Everett,  Washington 


The  breakwater  was  assembled  in  Everett,  Washington,  and  towed  to  the 
site. 


(2)  Performance.  Boat  wake  seems  to  cause  as  much  concern  as  wind 
wave  transmission*  This  response  Is  trot  surprising,  siuce  the  boating  activ¬ 
ity  occurs  wore  often  in  the  milder  seasons.  Wind  wave  transmission  on  the 
order  of  i  foot  is  considered  tolerable. 

Maintenance  costs  have  been  high.  The  structure  was  damaged  extensively 
In  a  storm  on  7  December  l972,  barely  2  months  after  the  installation;  34  of 
the  pontoons  cracked  and  came  loose  from  Ehe  structure  (21  on  the  outer  row, 
12  oft  the  second  row,  and  l  on  the  third  row),  causing  It  to  lose  buoyancy. 
The  failures  were  due  to  material  fatigue  where  the  pontoons  were  supported  by 
the  timber  structure.  Other  pontoons  have  failed  from  similar  causes.  Recent 
replacements  have  been  with  castings  u£  Maries  plastic  which  have  not  shown 
any  sign  of  distress.  Fifteen  pontoons  were  replaced  in  the  spring  of  19B0  at 
a  unit  cost  of  $1,000. 


Plans  are  underway  foe  an  enlarged  harbor  and  replacement  breakwater  of 
the  concrete  caisson  type.  The  new  breakwater  is  being  designed  by  khe  it.S. 
Army  Engineer  District,  Seattle,  and,  if  authorized,  will  be  constructed  by 
the  Corps  of  Engineers  under  Section  ID?  of  the  1940  River  and  Harbor  Act. 
University  of  Washington  is  reviewing  the  design. 

d*  Discussion.  The  performance  of  the  breakwater  has  been  less  than 
hoped  for  by  the  users.  The  main  problems  were  associated  with  a  design  con¬ 
figuration  that  relied  on  a  material  and  fabrication  technique  which  did  not 
produce  the  expected  fatigue-resistant  characteristics.  There  was  a  posh  to 
get  the  breakwater  into  place  and  producing  income,  which  overtightened  the 
design-construction  schedule  for  such  a  novel  and  innovative  concept.  If  the 
proposed  harbor  expansion  is  authorized,  the  existing  breakwater  can  he  put  to 
good  use  for  facilities  within  the  harbor. 


Friday  Harbor,  Washington  (University  of  Wunhiagtea  Oceanographic 

foev) .  "  "" 


.nbora- 


a*  ko£ation^»  The  Uuiversity  of  Washington  oceanographic  tohotatnfy  break¬ 
water  is  about  a  half  mile  north  of  the  Port  of  Friday  Harbor’  (Fig.  19>.  The 
site  is  open  to  the  east  for  about  i. i  nautical  miles.  The.  breakwater  was 


constructed  to  allow  the  marine-related  activities  in  the  research  programs  to 
be  operational  year  round. 

b.  Site  Conditions.  Tide  data  are  the  same  as  Port  of  Friday  Harbor. 
The  breakwater  was  designed  for  a  1.5-kuot  current. 

The  design  parameters  were  46-knot  wind,  fetch-limited,  significant  wave 
height  of  3.0  feet,  period  of  3.5  seconds,  current  of  1.5  knots.  Boat  wakes 
are  common. 

c.  Breakwater  Description. 

(1)  Design  and  Installation.  The  breakwater  is  a  reinforced  con¬ 
crete  caisson  cast  over  a  polystyrene  foam  core  with  a  cross  section  4.5  by  15 
feet  with  an  18-inch  freeboard  and  is  L-shaped  with  two  130-foot  sections  on 
the  long  leg  parallel  to  the  shore,  and  one  similar  section  on  the  short  leg 
(see  Fig.  22).  The  anchor  system  is  laid  out  to  maintain  about  a  6-foot  space 
between  the  sections  to  avoid  linkage  problems.  Short  gangways  provide  access 
between  units.  The  breakwaters  are  used  as  staging  areas  to  handle  nets  and 
other  gear,  and  also  to  provide  a  protected  mooring  area.  The  surface  of  the 
units  was  left  rough  for  good  footing. 

The  anchor  system  consists  of  two  anchor  lines  of  1-inch  stud-link  chain 
at  each  end  of  each  section,  with  one  line  to  the  outside  at  45°  to  the  break¬ 
water,  and  the  second  at  the  same  angle  to  the  inside. 

The  bottom  conditions  at  the  site,  a  shallow  covering  of  rock,  led  to 
restraint  supplied  by  attaching  clump  weights  to  the  anchor  lines.  These  were 
concrete  blocks  4.5  by  4.5  by  3  feet.  The  main  anchors  were  concrete  blocks  3 
by  8  by  6  feet. 

The  breakwater  was  installed  in  1979  at  a  cost  of  $790  per  foot.  Those 
responsible  for  the  breakwater  design  and  operation  are  as  follows: 

Owner-Operator:  University  of  Washington 
Oceanographic  Laboratory 
Friday  Harbor,  Washington 

Designer:  ABAM  Engineers 

1127  Port  of  Tacoma  Road 
Tacoma,  Washington 

(2)  Performance .  The  users  are  satisfied  with  the  breakwater  per¬ 
formance  which  has  made  possible  the  desired  year-round  operation  of  the  labo¬ 
ratory  activities.  The  roughened  surface  provides  good  footing,  but  is  hard 
to  clean.  An  unforeseen  benefit  from  the  view  of  the  marine  biologist  is  that 
the  breakwater  has  attracted  marine  growths  and  animals  distinctly  different 
from  those  around  the  Port  of  Friday  Harbor  breakwater,  only  a  few  hundred 
yards  distant. 

Some  adjustments  in  the  breakwater  were  necessary  after  installation. 
The  gangways  between  the  sections  had  to  be  redesigned  to  provide  greater 
freedom  of  movement  to  avoid  being  overstressed.  One  of  the  sections  did  not 
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c.  Bull  rail  detail. 

Figure  22.  Photos  of  University  of  Washington  Oceana 
graphic  Laboratory,  Friday  Harbor. 
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float  with  the  required  uniform  freeboard  ana  had  to  be  ballasted  with  Styro¬ 
foam  billets.  Presumably,  a.  form  slipped  during  casting,  resulting  in  a  heav¬ 
ier  and  nnnuniform  unit. 


The  2-  by  4-inch  tie  piece  on  the  bull  rail  is  too  light  for  its  purpose 
and  has  broken  in  a  few  places.  This  member  should  be  at  least  4  by  4  inch¬ 
es.  The  installation  of  the  anchors  required  extra,  expensive  site  prepara¬ 
tion  which  might  have  been  avoided  with  more  informative  foundation  surveys 
and  better  matching  of  anchor  type  to  bottom  conditions.  No  special  mainten¬ 
ance  problems  have  developed. 

d.  Discussion.  The  breakwater  type  is  very  appropriate  for  the  site  and 
has  met  the  users1  expectations. 


7 .  Blaine,  Washington . 


a.  Location.  Semiahmoo  Spit  Marina  is  located  in  Drayton  Harbor  (see 
Fig.  23)  at  Blaine,  Washington. 

b.  Site  Conditions.  Drayton  Harbor  (Fig.  23)  is  quite  shallow;  the 
marina  site  had  to  be  dredged  to  -10  feet  MLLW.  The  site  is  exposed  only  to 
the  southerly  quadrant,  with  a  high  tide  fetch  of  1.5  nautical  miles  to  the 
south  and  2  nautical  miles  to  the  southeast. 

Tide  data  include  a  mean  range  of  5.9  feet  and  a  diurnal  range  of  9.5 
feet.  No  data  are  available  on  tidal  currents. 

Data  on  wind  waves  used  for  design  are  not  available.  The  exposure  to  the 
south  and  southeast  is  likely  to  experience  winds  in  the  more  than  40-knot 
range  every  winter,  with  50-knot  speeds  on  occasion. 


c .  Breakwater  Des c ription . 


(1)  Design  and  Installat..on .  The  breakwater  is  of  the  concrete  cais¬ 
son  type  cast  in  4.5-  by  15-  by  15-foot  units  using  polystyrene  foam  blocks  as 
interior  formwork  and  for  positive  flotation,  with  a  3-foot  draft.  The  total 
length  of  the  breakwater,  arranged  in  a  tl-shape  (Fig.  24),  will  be  3,500 
feet.  The  marina  will  have  840  slips  for  pleasure  craft  and  fishing  boats. 

The  units  are  truck-hauled  to  the  site  where  four  of  the  units  are  post- 
tensioned  together  to  form  60-foot  modules,  which  are  then  coupled  by  a  chain- 
rubber  fender  connector  as  illustrated  in  Figure  24. 

The  anchor  system  makes  use  of  clump  weights  on  anchor  lines  consisting  of 
successive  length  of  nylon  rope  and  chain  to  stake  piles,  as  shown  in  Figure 
25,  with  a  set  of  lines  at  each  module  connection.  Figure  26  illustrates  the 
units  and  connections.  Those  responsible  for  the  breakwater  design,  construc¬ 
tion,  and  operation  are  as  follows; 


Owner-Operator;  Port  of  Bellingham 

P.0.  Box  728 
Bellingham,  Washington 
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Figure  26.  Photos  of  the  sotluie  detail  of  the 
Seaiahaoo  breakwater. 
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Designer :  URS 

4th  and  Vine  Building 
Seattle,  Washington 

Designer-Fabricator:  Bellingham  Marine  Industries 

Bellingham,  Washington 

(3)  Performance.  No  information  is  available.  The  breakwater  was 
under  construction  in  February  1981. 

d.  Discussion.  Module  connections  have  been  a  source  of  concern  for  many 
floating  breakwaters.  The  design  for  the  Seraiahmoo  connectors  provides  for 
restraint,  flexibility,  adjustments  for  maintaining  a  no-slack  connection,  and 
also  appears  to  be  easily  assembled  in  the  field. 

The  Semiahmoo  site  could  be  a  good  site  for  a  field  measurement  program  to 
collect  data  on  breakwater  structural,  kinematic,  and  hydraulic  responses. 
The  input  data  would  be  limited  naturally  by  the  shallow-water  conditions  and 
probability  of  storm  and  high  tide  coexistence. 

8.  Langley,  Washington. 

a.  Location.  Langley,  Washington  (Fig.  27),  is  a  small  community  on  the 
southeast  side  of  Whidbey  Island  and  faces  Saratoga  Passage. 

b.  Site  Conditions.  The  fetch  is  long,  8  to  12  nautical  miles  to  the 
northwest  and  about  4  nautical  miles  to  the  east-northeast.  Wind  data  spe¬ 
cific  to  the  site  are  not  available,  but  the  speed-duration  curves  for  Puget 
Sound  (Fig.  28)  should  be  representative  for  design  purposes. 

Tide  data,  gathered  at  Tulalip,  Washington,  include  a  mean  range  of  7.6 
feet  and  a  diurnal  range  of  11.2  feet. 

c.  Breakwater  Description. 


(1)  Design  and  Installation.  The  breakwater  is  the  Goodyear  module 
floating  tire  type,  composed  of  tire  groups  banded  together  with  belting  and 
nylon  bolts,  with  Styrofoam  added  to  the  tire  crowns  for  extra  buoyancy.  The 
northwest-facing  section  has  a  planform  of  52  by  230  feet;  the  east-facing 
section  is  65  by  216  feet.  Figure  29  is  an  east-facing  view  of  the  installa¬ 
tion.  The  breakwater  is  anchored  by  cables  fastened  to  piling. 

Those  responsible  for  the  breakwater  design  and  operation  are  as  follows: 

Owner-Operator:  Port  of  Whidbey  Island 

Designer:  Parametrix,  Inc. 

Everett,  Washington 

(2)  Performance.  The  breakwater  reduces  the  short-crested  waves  sat¬ 
isfactorily,  but  transmits  too  much  energy  in  the  lower  frequencies.  Connec¬ 
tions  in  the  boat  slips  were  overstressed,  and  boats  have  not  been  permitted 
to  use  them.  ‘Hie  slips  were  removed  for  the  J. 980—81  winter  season.  The  north 
end  of  the  east  breakwater  Iras  been  sinking,  possibly  due  to  the  combination 
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Figure  29.  Photo  of  floating  tire  breakwater, 
Langley,  Washington. 


of  current  drag  and  loss  of  buoyancy.  Reports  on  other  Styrofoam-filled  tire 
breakwaters  state  that  the  foam  breaks  down  under  the  continuous  flexure  expe¬ 
rienced  in  the  wind  wave  exposure. 

the  owner-operator  is  not  satisfied  with  the  performance  of  the  break¬ 
water. 


d*  Discussion.  The  site,  with  its  long  fetch  up  Saratoga  Passage  and 
the  frequency  of  winds  from  that  direction,  experiences  more  severe  conditions 
than  are  appropriate  for  the  type  of  breakwater  installed. 


9.  Everett.  Washington. 

a*  Location,  the  breakwater  is  at  a  large  small-craft  harbor  that  lies 
along  a  waterway  in  the  Port  of  Everett  (Fig.  30).  The  waterway  is  only  about 
S00  feet  wide;  thus,  the  breakwater  serves  primarily  to  protect  the  harbor 
frost  boat  wake. 

b.  Site  Condi t ions,  tide  data  include  a  mean  range  of  7.4  feet  and  a 
diurnal  range  of  11 .1  feet,  tidal  currents  are  estimated  at  1  to  2  knots. 

c.  breakwater  fleserlption. 

(1)  Design  and  Installation,  the  breakwater  is  of  the  concrete 
caisson-type  cast  over  a  styrofoam  core  having  a  cross  section  3  by  lo4  feet 
and  draft  of  l.$  feet,  the  north  section  (see  Figs*  W  and  31)  is"  S3ii  feet 
long;  the  south  section  is  aso  feet  long. 


Piguye  H •  PbiiioB  flu?  flagging  bfeakuae^r  At  the  &>rt 
®t’  Swireet,  UaahlRijtea. 


The  breakwater  was  installed  in  1979  at  a  coat  of  $273  per  foot.  The 
breakwater  is  anchored  by  pile  bents,  as  illustrated  in  Figure  31.  Those 
responsible  for  the  breakwater  design,  construction,  and  operation  are  as 
follows; 


Owner ‘-Operator:  Fort  of  Everett 

Everett,  Washington 

Designer;  Reid,  Middleton  and  Associates 

Edmonds,  Washington 

Breakwater  Designer-Fabricator:  Bellingham  Marine  Industries 

Ke l l Ingham,  Washington 

(2)  Performance.  The  breakwater  lias  performed  favorably.  the  boat 
channel  Is  easy  to  keep  under  surveillance,  so  boat  speeds  are  tie 14  in  check. 

10.  Port  Orchard,  Washington. 

a.  location,  port  Orchard  (Fig.  32)  lies  across  Sinclair  Inlet  from 
Br erne  r  t  on , '  Wash! ng  t on . 

b.  Site  Conditions,  the  prevailing  winds  in  the  area  are  from  the  south, 
so  the  harbor  site  is  well  shielded  from  that  direction.  The  main  exposures 
are  to  the  southwest  and  the  northeast  with  fetches  1.5  and  4  nautical  miles, 
respectively.  The  wiodspeed-duratiou  curves  in  Figure  28  are  the  best  avail¬ 
able  data. 

Tide  data  are  as  follows: 


Highest  (estimated): 

14.7 

feet  MLLU 

KHHW: 

U.7 

feet 

Mean: 

6.8 

feet 

MOW: 

0.0 

foot 

Unvest  (estimated): 

4.3 

feet 

Tidal  currents  are  less  titan  l  knot, 
e •  breakwater  Description. 

(1)  Design  and  ^installation.  The  breakwater  is  laid  out  i»  two 
sections,  as  Thown  in 'ITgares”^  and  33.  The  L- shaped  section  is  1,300  feet 
long  and  composed  of  lightweight,  reinforced  concrete  panto  jus  east  over  solid 
Styrofoam  core  units  3  by  12  feet  and  20  feet  long,  wirh  a  deaft  of  i.S  feet. 
Three  of  these  pontoons  were  posttensioned  together  to  fare  fc3-taot  uoduies 
which  were  then  joined  with  the  connectors  shown  schematically  in  Figure  34; 
four  connectors  were  used  at  each  joint.  The  west  section  is  of  similar 
construction  but  the  wits  are  3  by  8  by  12  feet  and  connected  by  wooden 
waiers  for  a  length  of  320  feet. 


* 


Figure  14.  Schematic  drawing  of  module  connect  ion.  Port 
Orchard  floating  breakwater. 
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The  L-shaped  section  is  anchored  by  a  composite  24-inch  anchor  line  of 
3/ 8-inch  welded  alloy  chain,  braided  nylon  line  and  a  lower  length  of  chain 
fastened  to  stake  piles.  The  chains  cross  beneath  the  breakwater  to  provide 
as  much  clearance  as  possible  close  to  the  breakwater.  The  west  section  is 
restrained  by  pile  bents.  A  deep,  soft  muck  is  the  typical  foundation  mate¬ 
rial  at  the  site. 

Those  responsible  for  the  breakwater  design,  construction,  and  operation 
are  as  follows: 

Owner/ Operator:  Port  of  Bremerton 

Bremerton,  Washington 

Designer:  Reid,  Middleton  and  Associates 

Edmonds,  Washington 

Fabricator:  Bellingham  Marine  Industries 

Bellingham,  Washington 

(2)  Performance.  The  management  and  boat  owners  expressed  satisfac¬ 
tion  with  the  breakwater.  Storm  damage  has  been  handled  well  since  installa¬ 
tion,  with  the  exception  of  the  western  section  which  has  been  hit  by  two 
storms  with  reported  significant  wave  heights  of  4  feet — well  in  excess  of 
design  values.  When  the  waves  incident  to  the  west  breakwater  exceed  heights 
of  about  2  feet,  there  is  a  greater  transmission  than  desired,  but  this  is  not 
a  severe  problem. 

The  north  breakwater  has  performed  very  well.  One  connection  failure  was 
probably  due  to  a  faulty  fabrication  detail;  it  was  successfully  repaired. 
All  the  anchor  chains  have  corroded  badly  and  are  being  replaced.  The  orig¬ 
inal  ones  were  made  of  3/8-inch  chain,  with  no  cathodic  protection;  the 
replacements  are  of  1/ 2-inch  chain,  with  zinc  anode  sacrificial  bLocks  2  by  2 
by  30  inches  with  two  placed  on  each  anchor  line.  The  cost  of  the  anchor  line 
repair  is  estimated  at  $30,000.  Figure  35  illustrates  the  piling  and  chain 
connections. 

Some  of  the  anchor  piles  have  been  attacked  by  marine  borers.  Replace¬ 
ments  will  be  cut  off  below  the  raudline,  to  be  out  of  reach  of  these  borers. 
There  is  only  a  small  area  of  concrete  spalling  in  the  center  of  two  pontoons. 

d.  Discussion.  The  west  breakwater  was  apparently  underdesigned  for 
the  wave  climate  that  develops  from  the  west.  Other  design  aspects  have 
worked  out  well,  except  for  the  anchor  chains.  The  new  design  with  both  a 
heavier  chain  and  cathodic  protection  should  ensure  a  much  longer  life  than 
the  6  years  for  the  initial  system.  Boat  wake  from  tire  larger  vessels  passes 
through  the  breakwater,  but  users  appear  to  have  adapted  to  this  inconven¬ 
ience. 

11.  Gamas -Was hougal ,  Washing ton » 

a.  location.  The  breakwater  at  Port  of  Casa s -Was houga  1 ,  about  20  miles 
east  of  Vancouver,  Washington  (Figs.  36  and  37),  parallels  the  north  shore  of 
the  Columbia  River,  and  serves  to  protect  a  marina  catering  largely  to  pleas¬ 
ure  craft. 
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Figure  36.  Camas-Uashougal  floating  breakwater  (from  N'OS  chart  18531) 


b.  Debris  barrier  awl  ttulu  floating  breakwater. 

figure  37.  Fhotos  of  the  Fort  of  Caaas-Uasboogai 
floating  breakwater. 


k*  Si  t  Pond if Ions ,  The  important  winds  come  downriver  from  the  east 
where  the  fetch  is  about  1,9  miles.  No  tidal  current  measurements  have  been 
made  at  the  site,  but  speeds  of  3  to  4  knots  have  been  estimated,  with  higher 
speeds  possible  during  periods  of  peak  flood  flows. 


Winds  blowing  down  the  Columbia  River  develop  waves  that  break  and  pass 
over  the  top  of  the  breakwater,  but  have  not  caused  problems  with  moored 
boats. 

c  *  breakwa t« r  Design . 

( i )  Jns  1st  ion .  The  breakwater  is  a  caisson— type  struc¬ 

ture  constructed  of  lightweight,  reinforced  concrete  cast  over  Styrofoam 
blocks  in  units  3  by  10  feet  in  the  cross  section  and  12  feet  long,  drafting 
about  18  inches.  The  units  are  held  together  with  timber  walers.  The  main 
section  parallel  to  the  shore  (and  river)  is  1,073  feet  long,  and  is  held  by 
guide  pile  dolphins  spaced  about  84  feet  apart  (Fig.  38).  A  233-foot  section 
of  breakwater  is  set  at  about  a  45®  angle  to  the  upstream  end  of  the  main 
breakwater  to  serve  as  a  trash  deflector  (Fig.  37, b).  The  breakwater  is 
designed  to  provide  transient  moorage  and  public  access  with  special  fishing 
facilities  provided.  It  was  installed  in  early  1979.  Those  responsible  for 
the  breakwater  design,  construction,  and  installation  are  as  follows: 

Owner-Operator:  Port  of  Camas— Washougal , 

Washington 

Project  Designer:  Par.jmetrix,  Inc. 

Vancouver,  Washington 

Breakwater  Designer-Fabricator:  Bellingham  Marine  Industries 

Bel  .Ingham,  Washington 

(2)  Performance.  The  wind  waves  mcve  nearly  parallel  to  the  break¬ 
water,  so  they  are  effectively  attenuated.  The  only  problem  reported  is  that 
from  the  boat  wake  generated  by  vessels  passing  close  to  the  breakwater  at 
high  speeds.  The  trash  deflector  U  not  effective,  bogs  tend  to  jam  up  on  it 
and  then  work  underneath  tc  and  move  into  the  marina.  The  river  current  keeps 
the  breakwater  snugged  up  against  the  pile  restraints. 

d*  T*16  overall  system  seems  to  be  perf arming  very  well,  and 

the  owner  is  satisfied.  This  site  could  serve  as  a  field  monitoring  station 
for  forces  on  pile-restrained  breakwaters,  although  the  river  current  would  be 
an  ever-present  additive  to  the  wave  loadings  from  wind  or  boat. 


Ul.  BUMMARV  AND  CUNCUIS10NS 

One  of  the  more  perplexing  problems  facing  the  designer  for  a  floating 
breakwater  is  the  specification  of  a  realistic  wave  climate.  Local  data  are 
rarely  available  and  contemporary  methods  of  developing  an  appropriate  design 
spectra  for  the  variable  fetch  conditions  usually  encountered  at  potential 
floating  break./ater  sites  leave  much  subjective  freedom  in  specifying  princi¬ 
pal  praaeters.  Hopefully,  the  two-dimensional  wave  models  being  developed 
will  narrow  tins  present  sane  of  uncertainty. 


AQ 


Figure  33.  Photo#  of  the  taatn  sect  too  of  the  Port 
of  CaaaM-Washougal  flout  lug  breakwater. 
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At  some  sites,  boat  wake  loadings  may  be  more  important  than  those  from 
the  wind-generated  waves.  Better  models  depicting  wake  loadings  are  needed. 
The  floating  breakwater  transmission  characteristics  are  sensitive  to  the  wake 
from  certain  hull-speed  distance-orientation  cases. 

The  recently  developed  analytical  methods  treating  the  floating  breakwater 
as  a  dynamic  system  are  an  improvement  over  static  methods,  but  field  data  are 
still  needed  to  refine  the  values  of  the  various  coefficients  in  the  analyses 
and  to  verify  the  general  methodology.  Possible  field  installations  should  be 
screened  as  potential  field  measurement  sites.  The  system  being  fabricated 
for  Semiahmoo  Spit  Marina,  Blaine,  Washington,  looks  promising  because  the 
exposure  is  such  that  frequent  winds  of  the  30-  to  50-knot  range  should  occur 
most  of  the  winter  season.  The  water  depth  is  shallow,  which  will  restrict 
wave  buildup. 

The  users  of  the  floating  breakwaters  of  the  concrete  caisson  or  ladder 
(Alaskan)  type  seem  to  be  quite  satisfied  with  their  effectiveness  and  main¬ 
tenance  costs.  Some  of  this  satisfaction  is  likely  attributable  to  an  adjust¬ 
ment  in  expectation  of  what  can  be  accomplished  in  reducing  wave  heights 
within  a  given  budget,  developing  adequate  mooring  techniques,  and  an  aware¬ 
ness  of  crowded  conditions  at  all  moorage  sites.  The  use  of  this  type  of 
breakwater  seems  to  be  confined  to  the  western  pacific  coast. 

Tenakee  Springs,  installed  in  1973,  followed  by  Sitka  and  Port  Orchard 
(installed  in  1974),  are  the  sites  with  the  longest  history  of  performance  for 
the  concrete  units.  Early  probLems  at  Tenakee  related  to  alinement  and  module 
connections  have  been  corrected;  anchor  chans  are  being  replaced  at  Port 

Orchard.  Present  design  knowledge  would  have  avoided  these  two  problems. 
Otherwise,  the  units  have  performed  very  satisfactorily. 

The  other  early  breakwater  of  major  dimension  (for  the  area  surveyed)  was 
the  one  at  Friday  Harbor  (Installed  In  1973),  consisting  of  large  plastic  flo¬ 
tation  tanks  with  a  timber  deck.  A  major  storm  shortly  after  installation 
caused  extensive  damage.  Plans  are  underway  for  replacement  with  a  concrete 
caisson  and  an  enlarged  configuration  to  accommodate  the  expanding  demand  for 
moorages. 

The  floating  tire  breakwaters  should  be  restricted  to  sites  where  wave 

conditions  are  quite  mild.  Experiences  to  date  show  that,  when  subjected  to 
an  active  wave  climate,  there  is  a  rapid  deterioration  in  buoyancy  due  to 
breakdown  of  flotation  and  fatiguing  of  the  systems  used  to  hold  the  tires 
together.  Marine  growth  will  aiso  diminish  structural  buoyancy. 

Bottom  conditions  at  a  proposed  site  should  be  determined  carefully  to 
provide  a  sound  basis  for  specification  of  another  type.  Extra  costs  have 

been  Incurred  at  Ketchikan  and  at  the  Friday  Harbor  Oceanographic  Laboratory 

site  due  to  unforeseen  foundation  conditions. 

No  damage  to  anchor  systems  fvoa  wave  loadings  has  been  reported.  Thor¬ 
ough  anchor  inspections  are  difficult  because  of  marine  growths  and  sedimen¬ 
tation.  However,  there  are  taany  instances  where  an  anchor  line  could  be  dis¬ 
connected  at  the  breakwater  and  be  partially  exposed  for  a  more  detailed 
look.  The  one  data  point  on  longevity  of  anchor  chain  is  that  from  the  Port 
Orchard  installation,  where  a  replacement  after  6  years  lias  been  necessary. 


However,  the  new  design  with  larger  chain  and  cathodic  protection  is  expected 
to  last  a  long  time. 

The  connections  between  modules  have  been  the  "Acnille's  Heel”  in  floating 
breakwater  design.  Experience  has  had  to  substitute  for  analysis  in  evalua¬ 
ting  the  loadings  to  be  transferred  between  modules.  The  recent  dynamic 
structural  response  modules  are  expected  to  provide  realistic  design  values, 
thereby  replacing  the  costly  empirical  experience  approach.  Some  design  pro¬ 
gressions  show  up  In  the  installations  covered  in  this  report.  The  rubber  in 
the  chain-bumper  system  of  the  initial  Tenakee  design  took  a  permanent  set  and 
allowed  slack  to  develop.  Tiu*  replacement  design  eliminated  the  set  problem 
by  connecting  the  flexible  rubber  fender  rigidly  to  each  module.  The  connec¬ 
tions  of  the  breakwater  deck  to  the  flotation  modules  in  the  Friday  Harbor 
breakwater  Invited  stress  reversals  and  concentrations  with  subsequent  fatigue 
failures.  The  layout  of  the  connections  for  the  Snmiahmoo  Marina  looked  like 
a  practical  way  of  provtdlng  a  resilient,  flexible  connection  well  suited  to 
field  assembly.  Its  performance,  however,  suggests  It  was  underdesigned  for 
the  loading  imposed  by  the  high  winds  experienced  in  the  1981-82  winter.  The 
current  design  trend  for  the  caisson-type  breakwater  is  to  replace  the  flex¬ 
ible  connection  by  posttensioning  modules  to  form  a  continuous  structure. 
Although  more  expensive,  fabrication  and  field  assembly  procedures  are  more 
exacting;  therefore,  the  final  product  should  be  cost-effective. 

Design  data  for  the  pile-restrained  breakwater  have  a  rather  weak  base. 
Logical  assumptions  about  wave  loadings  on  such  piling  can  lead  to  forces 
that  do  not  appear  to  develop  in  the  fl^lti.  Dynamic  analysis  will  require  the 
resolution  of  the  interaction  between  the  piling  and  the  breakwater;  such  a 
synthesis  would  be  aided  greatly  by  some  prototype  data.  The  floating  break¬ 
water  at  Camas -Was hougal  would  be  a  possible  site  for  field  experiments,  as 
would  the  unit  at  Everett  Harbor.  An  energy  absorbing  connection  between  the 
pile  collar  and  the  breakwater  would  relieve  some  of  t!ie  dynamic  load.  A  sug¬ 
gested  design  would  be  concentric  annular  rings,  with  the  annulus  taken  up  by 
rubber  tendering  material. 

The  pros  and  cons  of  lightweight  versus  regular  weight  conciete  may  have 
been  resolved  by  market  conditions.  Suitable  lightweight  aggregate  has  become 
very  expensive . 

Some  standardization  of  breakwater  dimensions  could  lead  to  lower  design 
and  fabrication  costs. 

Those  breakwaters  where  the  freeboard  is  more  than  1  foot  should  have 
safety  ladders  provided  at  intervals  of  about  ISO  feet  to  allow  a  person  to 
climb  onto  the  breakwater  unassisted. 

Navigation  or  radar  targets  should  be  placed  at  moee  frequent  Intervals 
than  those  required  by  D.S.  Coast  Guard  regulations,  file  floating  breakwater 
is  difficult  to  see  under  dark,  stormy  conditions. 

Some  designers  strongly  prefer  chain  or  chain-nylon  line  anchor  litres  over 
cable,  which  is  likely  to  be  more  vulnerable  to  corrosion. 

Quality  control  in  fabrication  is  very  important  fo  ensure  adequate  cover¬ 
age  of  reinforcement  and  strict  adherence  to  dimensions  so  the  units  will 
float  with  uniform  and  specified  freeboard. 
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Neither  of  the  installations  at  Sitka  or  Tenakee  Springs  lias  experienced 
any  Icing  of  consequencu.  The  Puget  Sound  sites  are  ice-free. 

Wat***-  quality  problems  that  could  arise  in  a  small-craft  harbor  enclosed 
by  an  impermeable  barrier  are  avoided  by  the  floating  breakwaters.  In  many 
cases,  the  floating  breakwater  and  anchor  lines  enhance  or  provide  additional 
habitat. 


Some  designs  for  the  concrete  caisson  breakwater  have  proposed  a  hollow 
structure,  thus  eliminating  the  cost  of  the  usual  Styrofoam  core,  and  then 
relying  on  the  integrity  of  the  concrete  shell  and  Inspections  to  avoid  loss 
of  buoyancy  through  leakage.  The  foam  core  provides  a  good  form  for  casting 
and  also  allows  the  box  to  be  formed  by  a  continuous  pour.  However,  care  must 
be  exercised  to  assure  that  the  foam  does  not  compress  during  the  pouring 
operations,  thereby  altering  the  design  freeboard  levels.  It  is  suggested  that 
fabricators  be  allowed  the  option  of  which  method  is  the  most  economical,  or 
that  close  cost  comparisons  be  made  before  a  design  is  fixed.  The  foam  core 
is  good  insurance  against  flooding. 
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